Abstract -This paper deals with the problem of diagnosis of faults in energy management for electric traction system .In fact, a bilinear model for the DC-DC (Boost and Buck/Boost) power converters is proposed. The analytical approach of residual generation using the observers with unknown inputs is reviewed, the computation of a bank of residual generators is exploited for fault detection and isolation, in the presence of disturbance. To illustrate the effectiveness of this method, simulations using Matlab/simulink are carried out.
Introduction
Nowadays monitoring industrial systems is a burgeoning field. A particularly important task in monitoring activity is the detection and location of the fault, which consists in determining whether or not there is a fault. Indeed, when the system is submitted to external disturbances, the ability to distinguish between the effect of a defect and that unmeasurable external disturbance in order to minimize false alarms, is therefore an essential property of a detection system [3] [4] . Usually we have to estimate the state with unknown input observers and a robust residual generator for the external disturbances. The suggested approach for fault detection and isolation in the energy management system for electric traction is based on state estimation and residual generation for bilinear system [8] . The residual generator with unknown inputs is designed to be sensitive to the faults and not affected by the disturbances. Energy management in an electric traction system is provided by a fuel cell or a battery as main source and a supra-capacitor module as an auxiliary, we use two static converters(boost and buck/boost) to maintain the DC bus voltage constant [5] . The boost DC converter raises the battery voltage but the second has two modes: the first in case the electric power is converted from the load to the super capacitor pack (when braking), and the second which is the boost mode works otherwise (energy demand).
Fig 1
The diagnosis of this system is very important, indeed, whatever the aging mechanism considered.It has the effect of increasing the ESR (Equivalent Series Resistance) and reduce the total capacity value of the supra-capacitor. The non-reversible reactions appear to contribute to both phenomena simultaneously .The Monitoring of changes in the ESR and capacity value makes it possible to quantify the degree of ageing in use. The capacity reduction is principally reflected by a decrease in the energy that can be stored by the supra-capacity pack [1] [6] . A significant decrease of this energy is a problem because the storage system may then not be able to meet the expectations of the specifications in energy terms. In turn, the increase in ESR is manifested by lower yields and greater voltage drops to extinction or establishment of the current. These increasing drops ohmic voltage make difficult the full charge / discharge system. Energy capacities can therefore also be diminished with the increase in ESR. In addition, the heating of the supra-capacitor is amplified with increased ESR. The thermal aspect is, therefore, more and more binding or risk having to increase the cooling time of the storage system during use [7] . This paper is organized as follows: an energy management system model is given in section 1. Section 2 deals with the design of unknown inputs residual generation for bilinear system. In order to illustrate the effectiveness of the proposed method,a simulationis made in section 3. Finally, a conclusion is provided in section 4.
Energy management system model
In this section, we present a global model for the energy management system which is formed by a one way DC-DC converter (the boost) and a bidirectional DC-DC converter (the buck/boost) presented by figure 1. S 1 , S 2 and S 3 are respectively the command signal of transistor T 1 , T 2 and T 3 . The system operates in two modes. First mode: The buck / boost operate as a buck mode.The equations of the two converters are given by:
Second mode:The buck/boost operate as a boost mode.The equations of the two converters are given by:
The two modes can be combined into one by making the following change of variables:
Where k is a binary variable definedas: k=0 buck mode k=1 boost mode ⎧ ⎨ ⎩ which gives us:
Both systems can be grouped into one. By combining the equations (1) with (2), (3) with (4) and (5) with (6), we obtain:
The system of equations (8), (9) (10) and (11)can be put in matrix form. By taking the current in coil L 1 I L1 and I L2 for L 2 ,the V sc and the DC Bus voltage V Bus as output ,we obtain a bilinear system with this form : 
3. Unknown inputs bilinear system residual generation As for linear systems,defects may appear on the bilinear systems and affect the operation of the installation.The problem of the residual generation for the faults detection in bilinear systems can be treated according to the same criteria as for linear systems, namely,the residual sensitivity to defects identified and the robustness with respect to inputs.
We propose the residual generator for bilinear system defined by (12) and (13) as the following equations:
z(t) + R y (15)
∑
Where z(t) represents the state of the residual generator and r(t) represents the output signal called residual , H,N i ,J , L,R 1 and R 2 are suitable matrices to be determined . The system defined by equation (14) and (15) is a residual generator for the system (12), (13) if it satisfies the following three conditions for all u(t) and d(t) [2] .
i/ for all x 0 ,z 0 lim ( ) 0 ( ) 0, 0
ii/ for an (n x n) dimensionnel matrix T and
The condition (i) ensures that the residual of the observer is equal to zero regardless the presence of the input signal u(t) or the unknown disturbance d(t).
The second condition (ii) provides the state estimation of the system in the presence of disturbances.
Condition (iii) guarantees that the residual is sensitive to the fault vector f(t) .The following figure shows the residual generator system: 
Unknown inputs residual generator design
In this section, we give the procedure design of residual generator particularly the condition of stability and the algorithm for matrix determination. In fact, we define the estimation error as e(t) z(t) Tx(t) = − from (14) and (15) The time derivative of the error is as follows: 
r(t) R e(t) Tx(t) R y(t) R e(t) R T R C x(t)
To obtain 1 r(t) R e(t) = the following equation must be fulfilled: 1 2 R T R C 0 (16) + = And then the estimation error can be written such that [12] : e(t) = He(t) 
The design of the unknown inputs residual generator (14) and (15) 
To determine the matrix R 1 and R 2 we assume that the matrix Φ given by (26) is of full column rank. Theorem:The system defined by equation (12) and (13) is a residual generator of the system defined by (14) and (15) 
Condition (36) must be verified to resolve equation (25) [10] [11]. Condition (35) is related to the stability of the observer [9] [13].
Defaults isolation
To locate and isolate the defaults we opt for the bank of observer's method with unknown inputs described by the following figure:
Fig 3:Bank of observer scheme Suppose our system is affected by k different defects d i (t) (i=1..k)So the bank of observers should be able to generate sufficient residues to detect and isolate the occurrence of each coordinate of the vector of defects d i (t).In fact, the simplest solution is to synthesize k generators residues unknown input for the ith residue noted r i (t),is nonzero if d (t) 0 i ≠ .
Numeric application
We take the following values: L 1 =0.330H;L 2 =0.330H;C F =0.0008F;R sc =0.001Ω; R ch =100Ω;C sc =70F;which gives us for the observer the following matrices: 
Simulation
The result of the simulation is taken by injecting a default d 1 (t) which occurs at time t=4s to t=4.5s fig 3.
In this case the second static converter operates in buck mode. Simulation result for the isolation of the default after addition of two faults in the input: in this case we have design two observers, the first detects the first fault d 1 (t), considers the second fault as unknown input and generates the residual r 1 (t).The second observer detects the second fault d 2 (t),considers the first fault as unknown input and generates the residual r 2 (t). This paper was devoted to the faults detection and isolation of energy management system for electric traction. We have proposed a method for fault detection based on bilinear unknown inputs observers. By using a bank of observers, a fault detection and isolation technique is validated. Finally a simulation and numeric application, given the results obtained, shows the validity of the approachused.
